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We study the phase structure of the gauge theories in the space-time with one compact dimension, 
^^ ' where the gauge symmetry can be broken by the Hosotani mechanism. As the extra dimension, 

we consider the 5*0(5) x f/(l) gauge-Higgs unification in the RandaU-Sundrum space-time which 
reproduce the 126 GeV Higgs mass. It is found that the thermal phase transition of the electroweak 
symmetry is very weak first order or almost second order and that the critical temperature is around 
Jh ' 160 GeV for zl ^ 10^ and np = 3. (This work is in progress.) 

< 

QQ : I. INTRODUCTION 

^_^ Higgs physics may be related the origin of the baryon asymmetry of the universe. In the electroweak baryo- 

r^ ' genesis scenario [l|, in order to generate the baryon number in the electroweak phase transition, it is necessary 
O |. that the phase transition is strong first-order. This criterion is quantitatively described as [4] 

&: 1^ > 1, (1) 

where T^ is the critical temperature of the electroweak phase transition and ipc is the magnitude of the vacuum 
expectation value (VEV) of the Higgs at T = Tc- 
K>" • It is known that in the standard model (SM) the phase transition is second-order for mjf > 70 GeV. Thus if the 

^T Higgs mass is 126 GeV as overfed in LHC, it is difficult to obtain the baryon asymmetry through the electroweak 

phase transition (EWPT). Therefore, in order to make the electroweak baryogenesis work successfully, the Higgs 
sector in the SM should be extended. 

In this presentation we briefly report the EWPT in a particular model of the gauge-Higgs unification (GHU) [j] . 

^T . In the gauge-Higgs unification scenario Q, the Higgs field is regarded as the zero- mode of the extra-dimensional 
component of the gauge field in the higher-dimensional space-time. The gauge symmetry breaking is triggered 
by the non-trivial vacuum expectation value (VEV) of the Wilson-line phase. This is what we call the Hosotani 
mechanismQ. It has been reported that in GHU models the thermal phase transition is strong first orderQ- 
In this presentation we report the EWPT in a realistic GHU model which reproduce appropriate Higgs mass 
126 GeV. 
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II. THERMAL PHASE TRANSITION IN THE SO{5) x [/(I) GAUGE-HIGGS UNIFICATION WITH 

m„ = 126 GeV HIGGS 

We consider the model in Q. This is an 50(5) x U{l)x gauge theory in the Randall-Sundrum space-time. @ 

ds^ = e-^feli/l (T^^^dx^dx") - dy^, -L<y<L, (2) 

where k is the curvature of the five-dimensional anti-de Sitter space. The 5*0(5) x U{l)x gauge symmetry is 
broken to SU{2) x U{1)y by the boundary conditions at j/ = 0, zLttR. The electroweak symmetry breaking is by 
the VEV of the 5-dimensional component of the gauge field Ay in the direction of 50(5)/50(4). The magnitude 
of the VEV is parameterized by the Wilson-line phase Oh 0: exp[|6'H(2\/2T^)] = expligA] /j^^ dz{A,,) {z = e^y , 
ZL = e''^). 

In order to study the phase structure of this model, we evaluate the effective potential at finite temperature. 
The effective potential consists of zero-tempcreture effective potential and the finite-temperature corrections: 

Feff = Ki^VA^eff. (3) 

The zero temperature part of the effective potential Vj^^^^" is calculated by the method developed in [13] ■ The 
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explicit forms of Vg^j^° in this model can be seen in Refs. [3, ImI- Finite temperature corrections are given by 



AK=ff = -^|G[{mi^)},0] + G[{rre)},0] + G[{mW},0] 



G[{Af„},r?] 



+G[{m(*)} i] + G[{m(^)} i] 



(-1)'" E E ^^^^B,{mMjT), B^ix) ee x^K^ix), 



(4) 
(5) 



where the KK mass spectra {m^} {X = W, Z, H, t, F) is for the W-tower, Z-tower, the scalar-tower, top-tower 
and the KK-tower of the S'0(5)-spinorial fermions, respectively, and They are given in [3, Q ■ This model contains 
two free parameters, namely, the warp factor zl and the number of the spinorial-representation fermion np. In 
this report we consider the case with np = 3. The effective potential is numerically evaluated. In Fig. [I] the 
Ves with respect to 9h a.t T = and T = Tc = 163 GcV for (z^, np) = (10^, 3) are plotted. We note that at 
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FIG. 1: The effective potential with respect to the Wilson-line phase 9h for zl = 10^ and np = 3, in the unit of 
{k/zLf/{16Tv^) where k = 1.26 x lO" GeV 0|. The blue-solid [red-dashed] line is for T = [T = Tc = 163 GeV]. The 
downward- arrow indicates the position of the nontrivial minimum at T = Tc- 

T = Tc there are two minima of the potential, one of which is 9h ~ and the other is 9h ~ 0.0127r. 

In Fig. [21 the position of the minimum of the effective potential, 6h with respect to the temperature T for 
{zL,np) ~ (10^,3) is plotted. The position 6h monotonically decreases as T increases, and there are tiny gap 
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FIG. 2: Position of the minimum of the effective potential v.s. temperature T for zl ~ lO'^ and np — i. At T ~ 163 
GeV a tiny gap is observed. 



at T = 163 GeV = Tc- When T > Tc, Oh vanishes and the SU{2) x U{1)y symmetry restores. This is a first 
order phase transition but it also seems very weak and almost second order. 
In order to check the criterion ([Ij, we define (pc as 



^h{T — Tc) 



(6) 
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where 9h{T ~ Tc) is the position of the non-trivial minimum of Vctf at T = Tc- In Table HI we smumarized 
Tc, ipc for the various value of zl for np = 3. Tc varies from 160 GeV to 215 GcV for 2 x 10"* < zl < 10^^. 

TABLE I: Critical temperatures, magnitudes of the vacuum expectation value ipc for various values of zl with np = 3. 



Zl 


n [GeV] 


^c [GeV] 


2 X 10'' 


168 


12.8 


10^ 


161 


12.2 


10^ 


163 


11.9 


10^" 


190 


16.3 


10^2 


215 


26.3 



In particular Tc ^ O{160GeV) for zl ^ 10^. The values (fic/Tc ^ 0(0.1) arc much smaller than unity for all 
values of zp. Therefore this model does not fulfill the criterion Eq. ([T]) for nj? = 3. 

III. SUMMARY AND DISCUSSION 

The thermal phase transition of the SO{5) x U{1) gauge-Higgs unification model which reproduce the 126 
GeV Higgs mass was studied. The effective potential of the gauge-Higgs unification at finite temperature was 
formulated, and phase structure of the 50(5) x C/(l) gauge-Higgs unification model was studied. It is found 
that the thermal phase transition in the model is very weak first order or almost second-order. This implies the 
electroweak baryogenesis cannot occur successfully in this model because the baryon-number is washed-out by 
the sphaleron. 

The result docs not exclude the possibility to reproduce the baryon number by other mechanism, e.g. lepto- 
genesis. It mi ght be possible to make the first-order phase transition stronger by introducing supersymm etry 



into the model 11[, in analog with the enhanced first-order phase transition in the SM with supersymmetry [l^. 
In this presentation an analysis only for the np ~ 3 case is reported. Analysis including result for other 
values of np will be summarised in somewhere else. 
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